Epidermal cell-derived thymocyte activating factor (ETAF), a cytokine produced by keratinocytes, has previously been shown to be biochemically and functionally very similar, if not identical, to interleukin 1 (IL-1). Both ETAF and IL-1 have been demonstrated to be chemotactic for neutrophils and mononuclear cells in vitro. In order to demonstrate that this activity has physiological relevance we have used a simple in vivo model. The present study demonstrates that injection of high-titer ETAF or purified recombinant murine IL-1 into the mouse footpad results in an influx of neutrophils into the site with peak accumulation at 4 h. Footpad swelling also occurs with a time course roughly paralleling that of the neutrophil accumulation. Injection of control proteins failed to reproduce this phenomenon. Margination of neutrophils within blood vessels was seen within 1 h of injection of ETAF or IL-1, followed by entry into the stroma by 4 h. This suggests that chemotactic activity and not merely increased adherence or inhibition of migration is occurring. 5-10 d of daily, subcutaneous injection of ETAF on the mouse flank resulted in an infiltrate of neutrophils, and to a lesser degree, mononuclear cells in association with epidermal hyperplasia, subcutaneous fibrosis, and focal muscle necrosis in the panniculus carnosus. These findings were not seen in control sites injected with media. These findings provide direct in vivo experimental evidence suggesting a physiologic role for ETAF/IL-1 in local inflammation.
Introduction
The role of antigen-nonspecific cytokines in regulation ofvarious aspects of immunity has received considerable attention. One of these cytokines, interleukin 1 (IL-l),1 has been extensively studied and has been found to have a number of important hormone-like activities. The activities of IL-l (or perhaps the IL-l set of molecules) include augmentation of the mitogenic response of thymocytes and thymocyte helper function (1, 2), Receivedfor publication 17 June 1985 and in revisedform 24 October 1985.
1. Abbreviations used in this paper: ETAF, epidermal cell-derived thymocyte activating factor; HPLC, high performance liquid chromatography; IL-1, interleukin 1. induction ofinterleukin 2 receptors on T cells (3) , augmentation of natural killer-cell activity (4) , involvement in B cell proliferation and antibody production (5, 6) , endogenous pyrogen activity (7, 8) , involvement in lactoferrin release from neutrophils (9) , involvement in the production of acute phase proteins (10, 1 1), induction of protein degradation and prostaglandin E2 production in muscle (12) , activation of fibroblasts (13) , and induction of slow-wave sleep (14) . IL-1 was originally described as a monocyte-derived growth factor; however, a factor is made by keratinocytes, termed epidermal cell-derived thymocyte activating factor (ETAF), which is biologically and biochemically very similar or identical to IL-I (15) (16) (17) (18) . Recently , in vitro studies have demonstrated both IL-I and ETAF to be chemotactic for neutrophils and mononuclear cells (19) (20) (21) . These various properties suggest, of course, that IL-I/ETAF plays an important in vivo role in inflammatory processes. We now present evidence that IL-I and ETAF do indeed have inflammatory properties in vivo that may play an important role in localized inflammation in skin.
Methods
Mice. Female mice of the inbred strains C3H/HeJ and A/J were obtained from the Jackson Laboratory (Bar Harbor, ME). The animals were 8-14 wk old at the start of each experiment and within each experiment the age of the animals did not vary by more than 2 wk. The mice had free access to Purina Mouse Chow (Ralston Purina Co., St. Louis, MO) and chlorinated water and were housed in a facility where ambient light was regulated on a 12-h light/dark cycle. Preparation ofETAF. ETAF was prepared from normal human epidermal cells as previously described (16 7.6 and the gradient buffer was starting buffer augmented with I M NaCI. I-ml fractions were collected, dialyzed against PBS, and assayed in the costimulator assay (22) . Active fractions were then pooled and Figure 1 . HPLC of purified human ETAF elution was carried out with PBS at a flow rate of I ml/min. ETAF activity (-) was eluted within a molecular weight range of 10,000-20,000. The major protein peak was seen at a molecular weight of "'68,000 corresponded to molecular weights between 10,000 and 20,000 (Fig. 1 ).
These fractions were pooled and yielded a concentration of 2 gg/ml of protein. ETAF activity in units per milliliter was determined for these pooled fractions as previously described (22) . In some experiments pooled fractions of mean molecular weights of 5,000 and 30,000 were used as controls.
Preparation ofIL-I. Recombinant IL-l was prepared and purified as previously described (23) . The purified recombinant IL-I exhibited a specific activity of -6 U/mg, U/ml producing 50% of the maximal response in the thymocyte costimulator assay (24 (25) .
Histology. Tissue was fixed in 10% buffered formalin and routinely processed. Paraffin-embedded tissue sections were stained with hematoxylin and eosin. Using an ocular grid, 4 0.14 mm2 cellular areas of each specimen were examined in a coded fashion and inflammatory cells were quantified.
Statistical analysis. The means of different groups were tested by Student's t test.
Results
Inflammatory activity ofETAF. 0.05 ml ofHPLC-purified ETAF in PBS containing 680 U/ml in the thymocyte proliferation assay was injected into the left hind footpads of mice while medium without ETAF was injected into the right hind footpads. Groups :'kist,sI£ @~'_~A , sWrS of mice were killed at various intervals. Footpads were processed for light microscopy, and inflammatory cells infiltrating the dermis and subcutaneous tissue were counted. Fig. 2 shows the results of injecting C3H/HeJ mice. ETAF had marked activity in recruiting neutrophils with peak activity at 4 h. Fig. 3 demonstrates identical findings in A/J mice. Footpads injected with medium developed only a small amount of inflammation. Fig.  4 contrasts the findings at 4 h with ETAF (A) vs. medium (B). Fig. 5 demonstrates that margination of neutrophils within dermal vessels was apparent as early as 1 h after injection. This finding, that cells accumulate in vessels followed by exit into the stroma, strongly suggests that chemotactic activity rather than merely increased adherence or inhibition of migration is being observed. No effect on mononuclear cells was seen in this particular experiment. However, some lots of ETAF have demonstrated activity in recruiting mononuclear cells (data not shown). Additional controls shown in Table I demonstrate that pooled HPLC fractions of mean mol wt 5,000 (below the size of the fractions active for thymocyte proliferation) and 30,000 (above the size of the active fractions) have little or no activity in this assay. In addition, column samples taken after medium alone was applied to the column showed no significant activity. ETAF preparation contained <1 ng/ml of endotoxin, while the IL-l preparation contained <2 ng/ml. Effects ofrepeated administration ofETAF. 0.05 ml of PBS containing 34 U of purified ETAF was injected subcutaneously on the flanks of two groups of C3H mice daily at the same site for 5 and 10 d, respectively. Control mice were injected with medium alone. Animals were killed 24 h after the last injection and the sites ofinjection processed for light microscopy. At both 5 and 10 d the following changes were observed in ETAF-injected sites compared with controls, although the changes were more prominent at 10 d: the epidermis was thickened (four to five cell layers compared with two in the controls), and exhibited maturation disarrangement, as well as scattered mitoses; there was diminished subcutaneous fat with sheets of neutrophils, rare eosinophils, and many mononuclear inflammatory cells in the subcutis and dermis; increased collagen was noted between and about lipocytes; and similar inflammatory cells were seen be- NSt * Three C3H/HeJ mice were injected with 0.05 ml of a 20 ng/ml solution of E. coli lipopolysaccharide or medium in the left hind footpad.
Mice were killed 4 h later and tissue processed.
t Compared with group 1.
tween muscle bundles of the panniculus carnosus as well as focal muscle necrosis. Fig. 10 A shows many of these changes compared with the control, Fig. 10 B.
Discussion
In assigning a physiological role to a function defined in vitro, it is essential to demonstrate that the same phenomenon can be produced in vivo. This study demonstrates that ETAF and IL-I have highly significant activity for the recruitment of neutrophils in vivo. In addition, we have noted that these substances also produce an increase in tissue edema that parallels the time focal muscle degradation, and evidence offibrosis. While it would be tempting to attribute these findings directly to ETAF, differentiation of primary from secondary (or tertiary) effects are impossible in this type of experiment. A wide variety of inflammatory and malignant processes in skin and other tissues are characterized in part by infiltration with neutrophils. It is likely that ETAF/IL-I provides one ofthe signals for this infiltration. As mentioned above, the sequence of events seen histologically after injection of ETAF or IL-l (margination of neutrophils within vessels, followed by entry into tissue stroma) suggests that chemotactic activity rather than merely inhibition of migration is being observed. In some experiments utilizing a single injection of ETAF in C3H/HeJ mice, an accumulation of mononuclear cells was detected in our assay. This was not seen with purified recombinant IL-1 or in A/J mice. The differences seen in this regard may relate to differences in concentration of the preparations, species differences (ETAF used in this study was of human origin while the IL-1 employed is murine), differences between ETAF and IL-l, or perhaps some contamination of the ETAF preparation with other cytokines.
In addition to demonstrating the inflammatory and probable chemotactic activity of these cytokines in vivo, the assay described in this study may serve as an additional, well-defined model for the study of acute inflammation.
